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(54) SEMICONDUCTOR LIGHT EMITTING ELEMENT AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve light extraction efficiency 
by preventing light extracting efficiently from decreasing under the 
influence of total reflection of light on a light extraction surface. 

SOLUTION: A manufacturing method for a semiconductor light A 4 A 1 t I % 

..... ..... i..:M.Vi;l/.V- ;V ;\ /\/\A/AM 



emitting element which extracts light from the surface on the r~{^ la^Mi. 

opposite side from a compound semiconductor substrate by ^ 

stacking a semiconductor multi-layered film including a light 

emission layer on the compound semiconductor substrate $% * & « a 

comprises: performing the phase separation of a block copolymer vJlMtMil^ Ji^liM^,™ 

composed of polystyrene (PS) and polymethyl methacrylate '$* 
(PMMA) by annealing a mask material layer 31 after forming the 
mask material layer 31 on a current diffusion layer 15 as the top 
layer of the semiconductor multi-layered film by applying a solution 
in which the block copolymer is dissolved; forming a pattern 32 of 

PS by etching using RIE using CF4; and then forming fine unevenness on the light extraction surface by 
etching a current diffusion layer 15 on the light extraction surface by using the pattern 32 of PS as a 
mask. 
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-f T»K6 0±tC#Ji6 1-6 5*JgjRUfcat. pI 

-^x-y^y^^L^t, P Stay^hJl6 5 
±0£BtC P fflMffi 6 7 fiWm S ft, nM3>??hm 
6 2«SffiICnllg6 8«§fttl^„ L 
t, 1S60 £0 JIB:£*(c . IS 1 5 OXWBflrcR 
HHUfcJ d^^-C«/MHJCi6 0 asWBj£3#VO*4. 
[0 0 58] dftfcL *K6 0ffl*»<»3t*]R"5aj-r*=« 
(Junction Down Tfc 0 . "9 ffi LWC*4 

*«E6 0O«H»hD0fl6 0 a^-ftlMMSft 
* fcft, 0 til UHflUOIftLtfcte*** <I i: *»T S 4 . 

[0059] (m8^mmmm) muz. ^wmms 

[0060] plGaPlt7 0£CplGaPA" 7 7 

rmi imm^ti. ^<7>±c pH nGaPfg*Ji 

72. pIInAlP^77K!73, InGaAlP 
^ttii7 4. nSlnAlP;77Fi75> nSln 
G a A 1 PHSSfl£fUH7 6^'ffM$nT^|> 0 

[006 1 ] moEfi£iS[Ji7 5±*>-»fcHi, nlG a A 
sa>77Vm7 7 , ilInAlP7'D7^!78, 

ilGaAs 7'n >y Jg 7 9 ifi&fi&IX. *cn± 

[Z njfg«S8 1 ^TIMStlT . *fc , »K7 0 <7>* 
Bf«fclipfflK«8 24qejaS*LTV^. % LT. «SE 
fi£itS7 5±c?3«ffi8 1 ^'?FMSftTV^V^ffitflilB(3 

ii*i~355 ^mmmm tmniz. foma s 3 

JjfcSftT^&o 

[ 0 0 6 2 ] mz , ^mmmmn led ^sit7ja(=o 

[0063] „ 18 (a) t^-T J: dt. nlGa 
AslS9 0±t, n!GaAsA'.y7Tl9 1 (US 
0. 5wm:^y7iM4Xl0 17 cm- 3 ) . ill 
nGaPl7f>-/7h77l92 (ff§0. 2 
m) s iiGaAs7'P7;*A'-|7 9 (J|§0. 1 
vm) , ilInAlP7'n7?i78 (ff§0. 2 ;u 
m) „ nlGaA s rjy^? hJl7 7 ( US 0 . lju 
m : df-rUT*gJSl X 1 0 18 cnr 3 K nllnGaA 

1 P«aB£SScJi7 6 (US l . 5;«m : *Mr U r»*4 
x 1 0 17 cm" 3 ) N nIInAlP777M75 (II 



$0. 6wm:^t l J7?M4Xl0 17 cm- 3 ) , In 
GaA 1 P-MQW*gttJf74 (US0. 7 2/^m:^ 
#6 2 1 nm) . pll nA 1 P^77 h'17 3 (US 
ljum : ^-vUT?SJS4x 1 0 17 cm- 3 ) „ pfl nG 
aPSfl7 2 (ISO. 0 5 um : 3f*'JT»*3X 
1 0 18 cm- 3 ) . nil nA 1 Pdf-T'y7°«9 5 (US 
0. 1 5 Aim : **UT»K2X 1 0 15 cm- 3 ) £_hfB 

[0064] JJCVVC. 08 ( b ) tffj; 3 fc, =*f-Y -y 
r*9 5*Kt*L«:a(c, SSiiUciifl7 2^ us 

1 50j«mC0plGaPSt7 0±tCpMG a PJ17 1 
(US0. 2^m:^^y7ill3Xl0 18 cm- 3 ) 

j£*Lfc£ft*«*8S3|M-4. RWT\ GaAsiS9 
0 £x . y -f- y L . S 77TI9 1 atXx ? 
^-y?"x b 7 719 2 Srx-y^-y^'l&ifS . 
[00 6 5] ifcvvc. 08(c) fcjjr$-J: 3 tc, 7'n >y 
J17 9, 7'P7^I78, ny^? bJ!7 7£ 
^ \° ? - y tx «y ^ y ^ L ^ t , 7' n •■/ 7 % j<—JB 
7 9 ±(C n MW&8 1 Zlfm-t& . S 6 1 , 1I7 0O 
SHICp«lffi8 2 &?FM-tS . 
[00 66] ££t, ^tK'yffiLfflJcomfli^-yii* 

n y?Art—M7 9RXf7)av 9M1 8{SI^±Six. n 
y^7H7 7^'lffiLTV^„ fot, nfi«S68 1 
fis ^gPt"(i;7"o -y ^^A-ji 7 9S.V'7"n >y ^Ji 7 
8^LT3y^^ NJ17 7±(C. J^fflgPTiirjy^^ 
h*7 7±fcttaeBj«S#lTV^. 4fc, pfJMffi8 2 
7 0 <J0»H^:H (CJPIK LT <fc V n iMffi 8 

, 4^Stf * Bs 4 flIBf fflfW ^ - y t JB 
j£SixT^S, 

[00 67] - njii^i. ^1-^5 emmwmt mm 

7'n -y ^ rJ*°U v-Srffl^T«MffiUS 7 6 
[0068] ico «t -5 tet^aBBJIWciJV^li, ^feSJO 

[oo69] (m9CDmffi&m) #mtmmi±. s i o 

2 , s i N*j:}£<7mitmm.^mim*~?x9[zLx, 
Tcomfc* ina:^-4*i£T*4 . 

[00 70] 139 (a) t^-TJtdt, mrlB07 
^«Jtfc:tJft«. I n G a A 1 P«vS£f£Jf 7 6±tCS i 
0 2 Itif)SSOGl9 1 SrSIUO. l^mXt>W 
ffM L . ^CO±.izm 1 <7)m«J t |sj«t*° U -7- 9 
2«L, •ftHSff'i. Zcr>m. 0 2 =3 0sccm, 
J±7b 1 3 P a , AV-10 0Wtf0^-C^3 O^ltR 
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[007 1 ] &wt\ ^iJ?-7^-y^7X^tffl 
V\ SOG§|9l£rCF 4 =3 0sccm, EJ} 1 . 3P 
a , y\°<7— 1 0 OWCOtrai 0 0#ft'ftR IEU 

09 (b) tSg^J^fcSOG;**— vfcJBjfc*-*. 

[0072] B C 1 3 = 8sccm, C 1 2 = 5sc 

cm, Ar = 3 7sccm, ]±fi 0 . 2 Pa, A°7-5 0 0W 

f5JfcfrTI&i o 0#ft'ftR IEU a 9 ( c ) tc^-TJ; 
■5fc, I nGaAlP«BSfflyf7 6tfDftffifc. «5 0 
— 3 0 0 nm, S£ 1 0 0— 5 0 0 n m<7)fi»5rHfti6 

[0073] a^OBBIITIi . I n G a A 1 PttStfetfe 
176 f^HC ^t/MMIi5<7)i0ig|5k LT s I100±5 

0 n m, S§200±100n m<7)HASt^tt2r%— £ 

Bm-f&zk&TZtz* mi on. z.ff>mAwa&jff 
[0074] ($10 cnmmsm > *ns»g«{±. Mia 

1Mnit-s*&T*s. 

[0075] i-f N Ull ( a ) \iZ7^TXo\,Z. I nG 

a a i p mmsmm i e iaztmrho i^^xi ( # ~jm 

ytf? 7;i/y'Xh, Z<DV-JXhl,Z{±WtmtfiX->X 
^%<Xi>£^) 9 5*JR»1. *tf> 
±t«r£H9fcH*tSOGjR9 laiif^UV— 9 2£ 

0 2 =3 0sccm, JKjl 3 Pa, .M 0, 7— 1 0 0 WtO 
*frrft3 O^ftftR I E L-f £ i £ HZ X *) . tf 'J V- 

[0076] ix^x\ mm9 tmmz, *'j?-^7 

-y^7X^tSOG!9 lSrRIEL, M^TTBl^ 
i^'XhSrOs =8sccra, N 2 = 8 0sccm, J±^J 2 P a , 
•AV-3 0 0WC0^f+f R I E~f Si k ti; 9, 011 

(b) fcjS-$\fc-3fc. l^^Xhv^-vSrffM-r-S. 

[0 0 7 7] m?M9 tmt&WFTl nGaA 

1 P*itJ£R*7 6£R I E Lfcft, 0 2 r^y^t'T 
«^^h9 5*«WM-*itfc:J:0» Hi l ( c ) (c 

^•Tiafc. I nGaA 1 P«Sa£iWB7 6<7)^ffi«I 
5 0 — 2 0 0 nm, ft§ 1 0 0 — 5 0 0 nmCOfifcjffl&H 

ftmmnwas 3 sriM-rs . 

[0078] ^mmsmX'li . I n G a A 1 PSjtfifcitSt 
176 Oilffi^ fat/NHCtCOAas k LT. flg 1 0 0 + 5 
0 n m , S?300±150n m<?)HftatJ#K£%— 

[0079]^, *5fiBW4±5fiUfe*iai9KllfclR5e 



SWtMi^-CS Sid fctm^jMUf «fc m . £ ft , 

[0080] tft, m/MHCi^fc{t^flM{4^-rti>= 

JBTKIHUfcfc^fcRaki^Htffefi^^*. 4ft, «ffi 
SPlil^^'yr#® (aif, HIE) WS/MHfl^lt^ 
«*«*SKH^)*ffiT»lSS *iT i v $ A, (cm 1 

[0081] 

3ieR l 9ffiLSW^)|6|±*li*»*ii:* I TS4. 

[nH^ffi^iuBj] 

[Hi ] mi commmPMzmh^ le D««^-«jssr^ 

[02 ] ffi 1 flJSOBRJBttittSiSt/^flWttttt^- 

[ a 3 ] m i <r>mmmm.izi%h sled ^njgig^^ 

«H0. 

[04 ] «5<?5|g^Jllt«i3*LED<^HatDS*^ 

^ifa0. 

[ 0 5 ] m 6 cDmumm^h sled ^*^p 
-riFfffi0<. 

[ 0 6 ] m 7 commmm^t) sled «it 
«ffl0„ 

[ 0 8 ] $ 8 <7)mmmmizi%t> sled ^nitus^ 

■tBriSBI. 

[09 ] m9(?mmBBI<zmfo&LEDcrMikXm$:^ 
■rtfffflB. 

[010] H9«HM^«tfc{tsaHD0O£7)«^^^ 

[01 1 ] mi OsoHMJFMt^/bSLEDOiSjgXS 
Sr^|lrH0o 

1 0-nlGaPlI 
H-nIInAlP^77FJ| 
1 2— I nGaA 1 PvSttl 
1 3-pSI nA lP?7-y HJ1 
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14- ^-raflBg9{ 

1 5- pasGaP«aafi»ig 

1 6-pORK (±atM) 
1 7-nMWS (TSU«S) 



1 8-a/MHIiOi 

3 

4 1-ISJI 



[01 ] 



[i2] 



13- 

12- 
11- 



P-GaP 



P-lnAlP 



n-lnAlP 



InGaAlP 



n-GaP 



17 



-15 



—10 




'•■.UK- 



la) 




(o) 




(b) 




(a) 



[03] 



f / / / 



-15 
-14 



-10 



5*55 



(b) 



16 3, 1 
Li 



Y / / / / . 



-15 
-14 



10 



^17 
32 16 

pj a 



(c) 



-15 
-14 




(d) 



— 10 



-15 
-14 



-10 



(a) 



[04] 



1 , 6 41 



31 



-15 
-14 



--10 



(b) 



-15 
-14 



--10 



17 



(C) 



(d) 




(a) 



(b) 



[05] 



57 



/WWWW\/0?fel/\AAAAAAAAAr --i 



pGaN 



p-AIGaN 



MOW 



n-GaN 



n-GaN 



n-GaN 



-55a 
J— 55 
-54 

-53 

-52 
-51 

-50 



Y//A 



IZZZF^q 



58 



n^GaN 



n-GaN 



n-GaN 



MOW 



p-AIGaN 



p-GaN 

(ZZZZZ2Z^ZZ2^57 



50a 

-50 

-51 
-52 

-53 

-54 
-55 
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[06] 



[07] 



(a) 



ITO 


—66 




! p GaN 


—65 




p-AIGaN 


—64 




MQW 


—63 






f^Z^— 68 


n-GaN 






AIGaN 








—60 



(b) 



vvvvvvvvvvvvvvvwvvvwvvvvwwt 


AIGaN 




n-GaN 




Y///A- 


MQW 


-63 


p- AIGaN - 


— 64 


p-GaN 


— 65 



60 

-61 
-62 



(a) 



[09] 



TnGaAlP 



92 *'U7- 
91 SOG 
76 



92 



(b) 



^ P\ SOG 



— 76 



91 




83 



76 



81 ^jTr!)^ 




[H8] 



95 
4—72 
73 
74 
75 
J— 76 



77 



:V79 



-90 



(a) 



81 8 , 1 r 79 
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[010] [011] 




(c) 



83 




76 



7— ft 

ffl^jii*jn*rtf#K/M6Fm2Bri«tfi m 

ft 

(72) « *- 

«Bftjiisjii«fm*B>Mtt«2iiiri#* * 

«*Ji|IWi|«Fm#B>MftlK2flri«* * 



&svm}\\mmmvttfi&m i « 

(72)fMB# ?IH 5S 

(72)^0J!# s;n MJIE 

ttBKJr|JRJi[<tffi*E/M(WDSiir l #±fi 1* 

F? — 5F004 AA16 DA01 DA11 DA25 DB19 
DB23 EA03 EB08 
5F041 AA03 CA04 CA05 CA12 CA13 
CA34 CA37 CA40 CA46 CA73 
CA74 



